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Analysis of Acid Fraction. Method D.—A modification of the
procedure of Metcalfe and Schmitz!* was used. A 0.1-to 5.0-g.
sample of acid was refluxed on the steam bath for 1 hr. with a
10-15-fold weight excess of BF;—methanol reagent (125 g. of BF;
in 1 1. of dry methanol). At the end of this period, the con-
denser was disconnected and the bulk of the volatile solvent
was allowed to boil away (15-20 min.). The concentrate was
diluted with methylene chloride and extracted with water and
then saturated sodium bicarbonate solutions. If a precipitate
occurred when the latter was acidified, the conversion to ester
was incomplete and a quantitative determination could not be
made.

After removal of the solvent, the methyl esters were separated
and analyzed with a vapor phase chromatograph utilizing a
0.25-in., 20-ft. aluminum column packed with 59, SE-30 silicone
oil on 60-80-mesh Chromosorb W. Helium was used as the
carrier gas at a flow rate of 300 cc./min. The various components
were trapped as they emerged and identified by a comparison
of their infrared spectra with those of authentic samples. Known
mixtures of acid were used to determine the relation between the
peak area and mole fraction of the various components. A
representative comparison of results obtained with methods C
and D is shown in Table III.

Isolation of Pure Salicylic Acids.
current extraction method has been described.?

Method E.—A counter-
The salicylic

TasrLe IIT
% salicylic acid:

Run no. Method C Method D
2a 69.5 69.6
30 73.7 73.1
3 10.4 10.2
8a 29.2 30.8

2 Acids isolated from the ether-insoluble Cu(I) salt fraction.
b Acids isolated from the ether-soluble fraction.

(14) L. D, Metcalfe and A. A. Schmitz, Anal. Chem., 88, 363 (1961).
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acid forms a highly colored complex with aqueous ferric chloride
from which the corresponding starting benzoic acid derivative
can be extracted with methylene chloride. The stability or
water solubility of this complex, and consequently the success
of the separation technique, varied considerably with the various
ring substituents on the salicylic acid. Strong electron-with-
drawing groups appeared to weaken the complex. Hydro-
phobic groups, such as {-butyl, appeared to reduce the water
solubility of the salicylic acid complex. As a result, larger vol-
umes of the aqueous phase were used. It was also discovered
that the aqueous complex could be decomposed with acid. This
greatly facilitated the final isolation of product.

To specifically illustrate the improved method, the work-up
of run 17 will be described. A 7.5-g. sample of the mixture of
acids obtained from the decomposition of the insoluble cuprous
salts was dissolved in 400 ml. of methylene chloride, This was
agitated with 1500 ml. of 0.33 M aqueous FeCl; solution. After
separation of the organic phase, the purple-black aqueous com-
plex was extracted with three 250-ml. portions of methylene chlo-
ride, filtered, and made acid with gaseous HCl. The purple
color was replaced by the characteristic orange color of the ferric
chloride. After cooling to room temperature, fine needles of p-
methoxysalicylic acid separated. The slurry was extracted with
methylene chloride to give 2.2 g. of the product, m.p. 160°
after recrystallization from water. A second extraction of the
methylene chloride phases, reduced in volume to 400 ml., in a
similar manner, gave 1.21 g. of product. Theidentity of all of
the salicylic acid derivatives was established by a comparison
of the physical properties or infrared spectra with those of au-
thentic samples.
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Mr. H. O. Kerlinger for advice and help with the
analytical problems, and Mr. M. D. Yeaman for as-
sistance with the interpretation of the X-ray diffraction
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Cupric salts of carboxylic acids have been used to oxidize a variety of aprotic aromatic compounds.

Ring

hydrogen atoms were replaced by the acyloxy group of the salt [2(RCO0),Cu + R’'C¢H; — R’'C;H,O0COR +

2RCOOCu + RCOOH].

The ratios of isomers produced with a variety of monosubstituted benzene deriva-

tives was approximately 1:2:1 for ortho—meta—para positions, respectively. The proposed mechanism is dis-
cussed in terms of single-electron transfers by a pair of cupric ions.

When cupric benzoate is heated with a variety of
aprotic, aromatic compounds, a two-electron oxida-
tion-reduction reaction occurs. The electrons are
transferred to a pair of cupric ions which are converted
to the cuprous form. The aromatic compound is
oxidized by the replacement of a ring hydrogen atom
with the acyloxy group of the salt.

There are two different aromatic compounds in this
system, the benzoate ion of the copper salt and the
aromatic substrate (solvent). Each competes for the
oxidizing power of cupric ion. Since distinctive
compounds are usually produced, the relative amount
of reaction by each pathi may be determined by an
analysis of the reaction products.

Only one aromatic species is present where benzoic
acid is used as the solvent. The product of reaction
in this case is phenyl benzoate? (eq. 1). A simple

(1) To whom inquiries should besent: Mobil Chemical Co., Metuchen, N, J.

C0O0

hydrolysis will liberate the phenol. This reaction
provides the basis for a commercial process for the
production of phenol from toluene via benzoic acid,3*
and will be referred to as the phenol reaction.

(2) W. W. Kaeding, J. Org. Chem., 26, 3144 (1961).

(3) W. W, Kaeding, R. O. Lindblom, and R. G. Temple, Ind. Eng. Chem.,
53, 805 (1961).

(4) W. W. Kaeding, R. O. Lindblom, R. G. Temple, and H. I. Mahon,
Ind. Eng. Chem., Process Design Develop., 4, 97 (1965).
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In the previous paper of this series,® it was shown that
phenyl benzoate is produced by the decarboxylation
of o-benzoyloxybenzoic acid, the primary intramolecu-
lar oxidation product of cupric benzoate. This was
the predominant reaction when a protic solvent (benzoic
acid) was used.? When aprotic solvents were used,
however, the decarboxylation reaction was repressed.*®
The o-benzoyloxybenzoic acid intermediate was con-
verted to salicylic acid by a reaction with free benzoic
acid liberated during the other primary step (eq. 3).
The over-all reaction for the production of salicylic
acid from cupric benzoate by this intramolecular
path is shown by eq. 2, and it will be referred to as the
salicylic reaction.

(00]0)
2 Cu ~»

COOCu COOCu (”)

dm + + O/C‘o’c© )

The cupric benzoate can also react with an aprotic
aromatic substrate (solvent) by an intermolecular path
to give an ester. This will be referred to as the ester
reaction, eq. 3, to distinguish it from the other com-
peting reactions,

0
I

coo R

R
?
2©Cu+ ©_+©—oc ¥
2

ortho, meta and para

COOH COOCu

+ 2 &)

Results

Cupric benzoate was heated with a variety of aprotic
aromatic compounds, The conditions of reaction and
the products recovered are summarized in Table I.

The distribution of the oxidizing power of the cupric
ion between the three reactions under discussion may
be calculated. With toluene, for example (run 6), the
results are salicylic reaction, 33%,; phenol reaction,
16%,; and ester reaction, 519,. In a similar manner,
it can be shown that a little less than half of the oxi-
dizing power of the cupric ion is used for the ester re-
action, with a variety of mono- and disubstituted ben-
zene derivatives.

The quantity of oxidizing power possessed by the
original charge of cupric salt was relatively small.
A higher degree of conversion to products was ac-
complished by the addition of cupric oxide. For
example, an average of 6.1 mmoles of oxidation prod-
ucts was obtained from 16.4 mmoles of cupric ion with
runs 1-3. With runs 4 and 5, where the only change
was the addition of 49 and 69 mmoles of cupric oxide,
respectively, 11.3 and 12.8 mmoles of oxidized product

(5) W. W. Kaeding and G. R. Collins, J. Org. Chem., 30, 3750 (1965).
(6) W. W. Kaeding, ¢bid., 29, 2556 (1964).
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were produced. The benzoic acid liberated by the
ester reaction, eq. 2, reacted with the oxide to produce
more cupric benzoate and water. The latter produced
more free benzoic acid from benzoic anhydride, eq. 3.
The significant over-all effect was the generation of a
substantial amount of cupric benzoate.

An alternative procedure to increase the conversion
to products utilized air for the regeneration of cupric
benzoate, eq. 4. This reaction proceeds with ease and

(0{0]0)

+ Cu
+ 150, — 2 @ + (4)
L HO

(air)

COOH COOCu

) )

is a vital component of the commercial process for the
oxidation of benzoic acid to phenol.%* The net result
of (3) and (4), eq. 5, indicates that air may be used in the
presence of catalytic amounts of copper. With run
19, for example, where air was bubbled through the
reaction mixture, 1.27 moles of oxidized products was
obtained starting with 1.02 equiv. of cupric ion.
With run 1, where air was not present, 5.8 mmoles of
oxidized product was obtained from 8.2 mequiv. of
cupric ion.

COOH R
+ + 1,0, —
R

i
0~ ) +HO ©

0 OH COOH

oc—@ + H0 — R + ©)

OH

Hydrolysis of the product produced by the ester
reaction, eq. 6, will release the corresponding phenol.
A summary of the entire sequence of reactions, eq. 7,
presents a new general method for the production of
phenols from aprotic aromatic compounds by oxidation
with air, in the presence of catalytic amounts of copper
salts and water. A higher degree of conversion is as-
sumed when the air is bubbled through the reactor for
long periods of time.

From a practical point of view, a suitable choice of
reaction conditions will cause any one of these reactions
to be dominant. When aliphatic hydrocarbon sub-
strates are used, the ester reaction is suppressed.
With cyclohexane, the distribution was 119, phenol
reaction and 899, salicylic reaction (run 9).

The phenol reaction occurs when the intermediate
o-benzoyloxybenzoic acid undergoes a decarboxylation
reaction.® This is the dominant path when protic
solvents such as water or benzoic acid are used.®

The cyclic mechanism proposed for the phenol?
and salicylic® reactions, eq. 8, suggests that the prod-
ucts are derived from the aromatic carboxylate anion
of the copper(II) salt. If the copper salt of an ali-
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phatic carboxylic acid is used as the oxidizing agent,
only the ester reaction is possible. This has been ob-
served experimentally and this reaction will be dis-
cussed in a subsequent report. Therefore, flexibility
in the desired predominant reaction can be realized by
a proper choice of reaction systems: (1) protic sol-
vents like water or benzoic acid for the phenol reaction;
(2) aprotic aliphatic hydrocarbons for the salicylic
reaction; and (3) cupric salts of aliphatic carboxylic
acids in aprotic aromatic substrates for the ester
reactions.

The distribution of isomers produced by the ester
reaction with a variety of monosubstituted aromatic
substrates is shown in Table II. The nature of the
substituent appears to have only a slight effect on the
orientation. Steric factors seem to play a more sig-
nificant role. The ortho positions, which were hindered
by the proximity of the substituent, were substituted
only half as frequently as the meta positions. The
ratios of meta to para substitution were approximately
the statistical value.

TasLE 11

DisTRIBUTION OF IsoMERS PRODUCED BY REAcTION OF CUPRIC
BENZOATE WITH MONOSUBSTITUTED AROMATIC SUBSTRATES

Substrate ortho meta para
Anisole 1.00 2.80 0.60
Toluene 1.00 2.13 1.06

1.00 1.92 1.08
1.00 2.14 1.07
Nitrobenzene 1.00 1.97 1.03
Fluorobenzene 1.00 3.71 2,17
Chlorobenzene 1.00 4.76 2.66

The steric effect is also demonstrated by the isomer
ratios found with the xylenes. The vacant positions
of o-xylene are essentially equivalent by virtue of the
directing effect of the methyl groups. Substitution
occurred two to three times more frequently in the
less hindered 4- and 5-positions than in the 3- and 6-
positions. With m-xylene, the ratio of substitution for
the 2-, the equivalent 4- and 6-, and the 5-positions was
1:4.0:4.3. This ratio appears to support a mech-
anism which would be influenced primarily by steric
factors.

The amount of ester produced from mesitylene was
only about one-third as large as that obtained from the
xylenes. Fewer positions were available for substi-
tution, however; the relatively severe degree of steric
hindrance appears to be the most important factor.
Furthermore, a considerable amount of attack had oc-
curred on the exposed methyl groups to give 3,5-
dimethylbenzyl benzoate.

This result emphasized that aromatic substrates
such as toluene or the xylenes possess both aliphatic
and aromatic hydrogens for replacement reactions.
Early work with these materials indicated that attack
had occurred exclusively on the aromatic hydrogen
atoms. However, it was eventually proved that benzyl
esters, resulting from the displacement of a methyl
hydrogen, were also produced in small quantities, with
all aromatic substrates containing a methyl group.
They simply were not easily detected by the ordinary
distillation and preparative v.p.c. techniques used
to separate and identify the reaction products. With
p-xylene, however, where only one xylyl benzoate ester
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was predicted, a small but well-isolated peak was pres-
ent on the vapor phase chromatogram. This was iden-
tified as p-methylbenzyl benzoate (run 12). With the
appearance of this product, a more careful investi-
gation of the ester product fractions of other runs,
where aliphatic hydrocarbon groups were present on
the aromatic substrate, was required. Authentic
samples of the benzyl ester were first mixed with a
portion of the reaction product mixture to determine
the particular v.p.c. fraction (usually an isomeric
phenyl benzoate derivative) where it appeared as a
minor product. When it was impossible to make a
separation, an estimate of the relative amounts was
made from the area of the peak characteristic of the
methylene group in the n.m.r. spectra.

The reaction carried out in chlorobenzene produced
an abnormally large amount of phenyl benzoate.
This occurred by displacement of chlorine by the acyl-
oxy group. This is nof an oxidation-reduction reac-
tion and is not dependent on the oxidizing power of the
copper(II) salt. The details of this reaction will be
discussed in a subsequent paper.

Discussion

The precise manner in which the copper(II) fune-
tions as the oxidizing agent in reactions involving cupric
salts of carboxylic acids has been a matter of consider-
able interest in this series of papers. We have hesi-
tated to show a preference between a heterolytic or
homolytic process. The stoichiometry requires a two-
electron oxidation—reduction process.

A heterolytic process, favored by Toland,” has been
used to explain the oxidative attack at a position ortho
to the carboxyl group.”® The reduction of cupric
ion to copper metal in the primary step is required.
Failure actually to detect copper as a reaction product
was rationalized by postulating a rapid subsequent
reaction with cupric salt to produce the cuprous salt.?

Early support for a heterolytic process in this labora-
tory was based chiefly on the observation that the re-
action for the oxidation of benzoic acid to phenol was
not affected significantly by & great variety of metal
ions or by certain organic compounds noted for their
ability to poison free-radical reactions. The fact that
phenol was a reaction product and was always present
in the system would, at first glance, seem to preclude
the possibility of an “ordinary” free-radical mecha-
nism. However, it has been demonstrated that there
is a great variety of homolytic reactions, some of
which may occur even in highly ionizing solvents such
as water.®

Schoo and co-workers!® favor a homolytic mech-
anism for the phenol reaction. This suggests two
single-electron oxidations by a pair of cupric ions. In
this event, copper metal would never be formed.

We have observed that the copper(I) salt is the re-
duction product isolated in an overwhelming majority
of cases for the various reactions discussed in this
series. Furthermore, added copper metal, in the ab-
sence of oxygen, does not appear to dissolve in (or is it

(7) W. G. Toland, J. 4Am. Chem. Soc., 83, 2507 (1961).

(8) W. W. Kaeding, J. Org. Chem., 26, 3144 (1961).

(9) C. Walling, ‘“Free Radicals in Solution,” John Wiley and Sons, Inc.,
New York, N. Y., 1957, Chapter 2.

(10) W. Schoo, J. V. Veenland, J. C. Van Velzen, T. J. DeBoer, and
F. L. J. Sixma, Rec. trav. chim., 82, 959 (1963).
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deposited from) a solution of cupric benzoate in ben-
zoic acid heated for periods of many hours at tempera-
tures up to 2560°.1

A variety of single-electron oxidations of phenols by
metal ions, including copper(II),}? has been ob-
served.!®1¢ The facile interconversion of copper(l)
and (II) salts has been an integral part of the mech-
anism of the peroxy ester reaction, recently reviewed
by Sosnovsky and Lawesson.!® A similar type of
single-electron transfer reaction has also been used to
explain the copper-catalyzed Sandmeyer and Meer-
wein reactions,®

The ester reaction appears to be unique in this series
because oxidation occurs at all available positions on
the aromatic ring. The products isolated and distri-
bution of isomers suggest an attack by the benzoyloxy
radical. The generation of benzoyloxy radicals from
benzoyl peroxide and their subsequent reaction with
various aromatic substrates has been extensively
investigated.’’* Spontaneous decarboxylation of the
benzoyloxy radical predominates in aromatic aprotic
solvents. The phenyl radical which is produced sub-
sequently reacts with the solvent to give a biphenyl
derivative. By contrast, when benzoyl peroxides
were heated with phenols, a reaction occurred with the
latter before decarboxylation to give primarily ortho-
substituted benzoyloxyphenols.?® A bimolecular, four-
center process was proposed by the authors; however,
the presence of a radical complex which significantly
modified the expected reactions was also suggested.
The aromatic substrates shown in Table I resemble
phenols in their reactivity toward a benzoyloxy radical,
since the final product is an ester.

A comparison of the isomer ratios of phenyl deriva-
tives which Daunley and Zarensky?! obtained by a re-
action of benzoyl peroxide with toluene and the benzoyl-
oxy derivatives obtained with run 7, Table I, is shown
in Table III. The distribution of isomers does not
suggest a close relation between the reactions.

A homolytic mechanism for the various reaction
paths of cupric benzoate, shown by eq. 8 to 11, is pro-
posed. It involves a pair of single-electron changes
for the oxidation-reduction reaction with cupric
ion and is consistent with the reaction products iso-
lated. The ability of copper(II) to accept an electron

(11) The most clearly demonstrated case where copper metal appeared
as a reaction product was observed when water was used as the solvent.s
However, the initial production of cuprous sulfate was postulated. Cuprous
benzoate is rapidly hydrolyzed when the concentration of free acid is low.
The cuprous oxide formed has a color very similar to that of finely divided

2CuOBz + H,0 === Cu.0 + 2HOBz

copper metal. Analysis for copper content alone would make it difficult
to distinguish it from the metal slightly contaminated with organic mate-
rial, We have been able to identify positively the form of copper by means
of X-ray diffraction patterns which are distinctive for the various possible
crystalline compounds. Usually, Cu:0 is the species responsible for the
dull copper color.

(12) W. W. Kaeding, J. Org. Chem., 28, 1063 (1963).

(13) K. U. Ingold, Chem. Rev., 81, 563 (1961).

(14) M. 8. Kharasch and B, 8. Joshi, J. Org. Chem., 23, 1439 (1957).

(15) G. Sosnovsky and 8, O, Laswesson, Angew. Chem. Intern. Ed. Engl.,
8, 269 (1964).

(16) J. K. Kochi, J. Am. Chem. Soc., 79, 2942 (1957).

(17) Reference 9, p. 484,

(18) (a) K. Nozaki and P. D. Barlett, J. Am. Chem. Soc., 68, 1686 (1946);
(b) ibid., 69, 2209 (1947).

(19) D. H. Hey, M. J. Perkins, and G. H. Williams, J. Chem. Soc., 3412
(1964).

(20) C. Walling and R. B. Hodgdon, Jr., J. Am. Chem. Soc., 80, 228
(1958).

(21) R. L. Daunley and B. Zarensky, tbid., 77, 1588 (1955).
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ComraRIsoN oF Isomer DrstriBUTION oF REaction Propucts
or TorLveNe wiTH BENzoYL PEROXIDE AND CUPRIC BENZOATE

With With
(B20)q,% Cu(OBz);?
Isomer % %
Benzyl 15 6
ortho 65 24
meta 19 45
para 16 25

a Refere.nce 21, at 75°. Hydrogen was replaced by a phenyl
group to give a hydrocarbon. ® Run 7, TableI, at250°, Hydro-
gen was replaced with the benzoyloxy group to give an ester.

and the steric position of the benzoate ions with rela-
tion to the cupric ion are key features. A radical
complex or a highly concerted mechanism is suggested
1:0 account for the observed stability toward decarboxy-
ation.
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The orientation of the cupric benzoate molecule
just prior to reaction for the phenol and salicylic re-
actions is shown by eq. 8. When the copper(II)
begins to accept an electron from the oxygen atom,
it starts to generate a benzoyloxy radical. The oxygen
with radical character (II) is in a favorable position
to attack only the ortho positions.
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The intermediate cuprous salt radieal III is then
oxidized by a second molecule of cupric benzoate to
give o-benzoyloxybenzoic acid (IV) (eq. 9). In protic
solvents, decarboxylation occurs to give phenyl
benzoate (phenol reaction) as the major product. In
aprotic solvents, the salicylic reaction predominates.

When cupric benzoate is oriented in configuration Ia,
the incipient benzoyloxy radical is in a position to attack
a solvent molecule to produce a cyclohexadienyl inter-
mediate radical V, analogous to III (eq. 10). This
sequence is the ester reaction. In this case, the reacting
components are not held in a rigid configuration with
respect to each other and attack would be expected at
any vacant position of the aromatic ring of the solvent.??
The amount of ortho isomer produced would be in-
fluenced primarily by the size of the R group of the sol-
vent. The final ester product which is isolated is
produced by a subsequent oxidation with the second
mole of cupric benzoate (eq. 11).

According to this mechanism, the most labile hy-
drogen atom of the intermediate radical, III or V, is
the one attached to the carbon atom containing the
benzoyloxy group. This is the atom which is oxidized
by the second mole of cupric benzoate. An exchange
between III and deuterium oxide would account for
the exclusive ortho deuteration observed by Schoo
and co-workers.??

Experimental Section

Approximately 25 g. of aromatic substrate and 5.0 g. of cupric
benzoate? were sealed in glass bombs, under vacuum, and heated
in a Parr high-pressure hydrogenation apparatus for the pre-
scribed period of time. Some of the substrate was placed in the
metal bomb to equalize the pressure on the walls of the glass
bomb.

The contents of from one to three identical bombs were poured
on a weighed, sintered-glass filter and rinsed with dry ether.
The insoluble portion was a mixture of cuprous benzoate, cuprous
salicylate, and cuprous oxide. The latter was identified by the
appearance of characteristic bands in the powder X-ray diffrac-
tion pattern.

Authentic samples of cuprous benzoate and cuprous salicylate
were prepared by reduction of the corresponding cupric salts with

(22) Only attack at the meta position is shown in eq. 10.

(23) W. Schoo, J. V. Veenland, J. A. Bigot, and F. L. J. Sixma, Rec.
trav. chim., 83, 172 (1963).

(24) W. W, Kaeding and A. T. Shulgin, J. Org. Chem., 27, 3551 (1962).
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boiling phenol, in a nitrogen atmosphere. The infrared spectra
of the ether-insoluble portion was characteristic of cuprous benzo-
ate contaminated with cuprous salicylate.

Anal. Caled. for C;HyCuO,: Cu, 34.4. Caled. for C;Hg-
CuO;: Cu, 31.7. Caled. for Cu0: Cu, 88.8. Found: Cu,
34.4 (run 6), 36.0 (run 9), 35.4 (run 10), 36.1 (run 15), 32.4
(run 17).

This cuprous salt mixture was treated with ether saturated with
dry HCI to release and extract the organic acids. Most of the
salicylic acid was present in this mixture.

The original filtrate was diluted to 250 ml. with ether., A
50-ml. aliquot was heated to 100° at 20 mm. pressure to remove
volatile components and was set aside for analysis. A 200-ml.
aliquot was extracted with 10-15 ml. of dilute HCl to decompose
and remove a trace of soluble copper salts. The solution was
then extracted with saturated aqueous bicarbonate solution to
remove the soluble acids, primarily benzoic acid with some o-
benzoyloxybenzoic acid. The latter was identified by distinctive,
isolated peaks in the infrared spectra.® The aromatic acids were
recovered by acidification and extraction with methylene chloride
followed by distillation of the solvent. Evaporation of the ether
golution produced the neutral fraction. This treatment did not
appear to hydrolyze any of the benzoic anhydride.

Salicylic acid and benzoylsalicylic acid, mixed with benzoic
acid, were titrated with bromine by the well-known method? used
for the determination of phenols. Three equivalents of bromine
per mole of salicylic and o-benzoyloxybenzoic acids was used to
give tribromophenol and CO..

The neutral fraction was separated into the various components
and analyzed by v.p.c. techniques. Aerograph Model A80-P-2
and HyFy instruments, manufactured by Wilkins Instrument
Co., were used. The structure of all esters was verified by a
comparison of physical properties or infrared spectra with an
authentic sample.

The benzyl-type esters were identified in a similar manner when
possible. When the amount was extremely small, a retention
time identical with an authentic sample was used for identifica-
tion. When a complete physical separation from an isomeric
phenyl benzoate type ester was unsuccessful with the preparative
v.p.c., the (two-component) mixture was analyzed by means of
n.m.r. spectra. The integrated peak area in the 5.3-5.4 p.p.m.
region, characteristic of the methylene group, was used to confirm
the presence and estimate the amount of the benzyl ester.

Authentic samples of the compounds found in the neutral
fraction were used to prepare standards to determine the relation
between the mole fraction and the peak area of the v.p.c. spectro-
gram.

The techniques for the utilization of air as the oxidizing agent
(run 19) have been described in the previous paper of this series.
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(25) 8. Siggia, ‘'Quantitative Organic Analysis via Functional Groups,”
John Wiley and Sons, Inc., New York, N. Y., 1954, p, 172,



